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SPECTRAL  PROPERTIES  OF  A  NOVEl.  LASEF;  CRYSTAL  Y3  ( In  , Ga  )  2Bs3Ci2  : Cr3"*" 
XINXING  JIGUANGJINGTI  Y3  (  In  ,  Ga  )  3Ga.3Oi  = :  Cr3^ 

By:  Li  Yunkui,  Tang  Honggao,  Hang  Yin,  Chen  Snuchun 

The  Anhui  Institute  of  Optics  and  Fine  Mechanics,  Academia  Sinica,  Anhui 

Abstract:  Spectral  properties  of  a  novel  phonon-terminated  laser 

crystal  Y3(In,  3a ) 26a30x= :Cr”  grown  by  the  flux  method  are  reported  for 
the  first  time.  The  results  show  that  the  spectral  properties  c-f  tnis 
crystal  are  compatible  with  those  of  Gd3< Se , Ga ) 3Ga30i  = : Cr3*  and  is  a 
potential  ambient  temperature  tunable  laser  crystal. 

>r' 

INTRODUCTION 

Gd3  ( Sc  ,  3a  )  2&a3Gi2 :  Cr3  “  (shortened  to  BSGG :  CR3-*" )  is  a  type  of  phonon- 
terminated  laser  crystal  with  excellent  capabi  1  i tiesc 1 3  .  It  has  a 
relatively  weak  crystal  rieid  and  relatively  strong  electron  -  ohonon 
coupling.  At  room  temperatures  a  strong  terminal  phonon  emission  spectrum 
w_tb  a  half  width  of  about  100  nm  can  be  observed.  At  the  same  time, 
experimentally  at  room  temperatures ,  a  wide  band  continuous  tunable  laser 
emission  has  peer  observed1-23.  Since  it  has  been  reported ,  a  great  deal 
CT  =■— sntion  has  been  paid  to  it.  However,  since  Scandium  is  rare  and 
expensive  its  applications  are  -imited.  The  authors  used  Indium  which  has 


similar  ion  radius  in 


ccana  1  un¬ 


to  prow 


g3  I  'i ,  3a  ;  2Ga3Q  j.2 :  Cr3""  (Shortened  to  GI GS  ;  Cr3-*" )  monocrystals.  It  has  the 
same  crystal  field  strength  as  GSGGsCr3*,  Put  it  has  a  Stokes  Frequency 
Shift  and  a  fluorescence  bandwith  less  than  that  of  GSG3 : 3r3^ ,  witn 
results  less  than  ideal C33, 


1  his  operation  used  V  ano  m  to  replace  Gd  and  Sc  respectively,  and  used 
the  flux  metnoc  to  grow  v3  (In,  Ga  )  2Ba3Oi2 :  CF 3'*'  monocrystals  (shortened  to 
( luGivr3*.  r rou  the  room  temperature  absorption  light  spectrum,  the 
fluorescent  liqnt  spectrum  and  the  time  discrimination  spectrum  we 
aetermmed  some  of  the  crystal  field  parameters  and  the  duration  of 


.  uorescence.  The  results 


the  Y I GB : Cr3"’"  crystal  soect-un 


show  that 


r 


capabilities  are  clearly  superior  to  tnose  of  BIBBrCr3-^,  and  are 
comparable  with  those  of  G3GG : Cr3" -  It  is  a  type  of  ambient  temperature 
phonon-terminated  tunable  laser  crystal  with  excellent  prospects. 

YIBSsCr3*'  monocrystals  are  grown  using  the  flux  method.  For  flux  we 
used  PbF  and  PbO.  We  also  used  a  small  amount  of  PbO=  in  order  ic  protect 
the  platinum  crucible.  The  materials  and  the  flux  were  mixed  in  the 
following  rates:  V=03  6  mol%,  I  na03  4  mol‘4,  Ga2D3  10  molX,  PbF=  40  mclX, 

PbO  40  mol'/.,  Cr303  1  mol>..  The  purity  of  the  materials  were  all  4N ,  and 
the  crystals  were  grown  under  gallium  rich  conditions.  The  automatic 
temperature  control  system  was  composed  of  a  JWC-302A  precision 
temperature  digital  programmed  timer  and  a  DWT— 702.  The  growth  sequence 
was  a.s  follows:  The  ambient  temperature  was  raised  to  300  C  at  a  rare  of 
iOG  C/h,  then  it  was  raised  to  1300  C  at  a  rate  of  200  C/h  and  held  there 
for  ten  hours.  Tnen  it  was  dropped  by  2  C/h  until  it  reached  1280  C. 
when  the  crystal  temperature  was  between  1230  and  1100  C,  the  temperature 
was  croppee  1  C/h.  Finally  it  was  dropped  by  1.5  C/h  to  600  C.  “nen  the 
furnace  was  shut  down  and  the  crystals  were  allowed  to  cool  down  to  room 
temperature  naturally.  The  crucible  was  removed  from  the  furnace  and  1:1 
immersed  for  several  days  in  a  diluted  nitric  ac ic  solution  to  separate 
tre  crystals.  The  grown  crystals  reached  sizes  up  to  5  X  5  X  5  mm3.  T nsv 
were  greenish  clack  in  color,  transparent,  and  o*  excellent  quality. 

3 F  £  C T R  u h;  A N A L  V  3 1 S 

1 1  lustration  one  (a)  and  (b)  snow  the  ambient  temperature  absorotion 
spectrum  and  fluorescent  spectrum  Df  Y I GG :Cr3*  crystals. 

The  absorption  spectrum  was  measured  using  the  Japanese  UV210 
soec t rophotometer .  It  is  made  up  of  two  bands,  one  of  which  has  a  peak 
wave  length  of  620nm  and  the  ether  has  a  wave  length  o~  440 

nm  [4.4a-*4!Z’i  ($*«)]  '  there  were  no  clear  sharp.  lines  within  the  spectrum. 


X  £ 


ILLUSTRATION  ONE:  THE  AMBIENT  TEMPERATURE  ABSORPTION  SPECTRUM  (A. 
AND  AMBIENT  FLUORESCENCE  SPECTRUM  (B)  OF  Y I GG : C r 3 CRYSTA—S 


820  780 

X(OD) 


Penetration  ( V. ) 

Strength  of  fluorescence  (aroitrary  units 


Tne  f iuc-escence  spectrum  was  stimulated  by  using  a  i.06mm  YAKsnc-3'*’ 
pulse  laser  and  a  KDP  frequency  multiplier.  The  fluorescence  produced  was 
passed  through  aim  grate  monochromater  and  then  received  by  a 
photoelectric  multiplier  tube.  The  signal  was  processed  using  a  Boxcar 
sampling  integrator.  Another  photoelectric  cell  was  used  to  receive  the 
laser  light  as  a  reference  signal  to  be  input  into  the  Boxcar  channels. 
The  sampling  integrator  and  the  laser  trigger  were  synchronous,  and  the 
pulse  iaseK‘  repeat  frequency  was  f  per  second.  The  fluorescence  spectrum 
1st  ambient  temperature ;  observed  is  shown  in  illustration  one  to).  The 
ranee  oT'  fluorescence  was  655  to  950  nm .  The  peak  value  wave  length  was 


nm,  a  no  the 


iaif  widtn  was  100  nm  (between  /GO  and  BOO  nm; 


were  no  snare  peaks  over  the  entire  width  of  the 


iuorBscsncE  scsclii^Lirn  * 


"he  R  line  d^d  not  appea? 


; hi=  demonstrates  that  the  YIGEsCr3^  ervste.: 


as  weak  field  medium,  with  a  fluorescence  transition  of 


we  can  find  from  the  absorption  spectrum  and  tne  fluorescence 


spec 


um  tnat  the  Stoke  s  frequency  shift  is 


duration  of  fluorescence  of  the  Y I GG :Cr3”  crystal  was  calculated 

at  the 

ddie  wavelength  of  fluorescence  —  745nm  through  observing  the 

1  U O  r  e  5^*Qr>  r  .  , 

'""“wn  attenuation  curve.  we  can  see  from  illustration  two  that  the 
enuction  w*a=  basically  an  exponential  type.  The  ambient  temperature 


■•7  M. 
J7  £ 


calculated  was  56ms 


ILLUSTRATION  TWO: 


YIBGsCr3'*'  CRYSTAL  AMBIeNT  TEMPERATURE  ATTENUATION  CURVE 


\  I 


Strength  of  fluorescence  (arbitrary  units) 
Attenuation  time  t(ms) 


CALCULATING  THE  CRYSTAL  FIELD  PARAMETERS 


with  3h  crystal  -field  approximation ,  by  using  the 
energy  matrix*--*3  it  is  possible  to  obtain  the  crystal 
parameter  Dq  and  the  Racah  parameters  B  and  C.  Dc, 


Tans  be  -  Bug  ar  c- 
field  strength 
is  given  in  the 


~ol  lowing  formulas  10DQ-=  Ea[4Ta(t$0)]  —  Ea[*A2(i\)~\ 

The  right  side  of  this  formula  expresses  the  energy  level  position  of 
rea;<  -*  'T in  the  absorption  spectrum  as  a  wave  numoer.  witn  X [*2^ 2 (j  1©)  J 
=  620  nm  we  obtain  the  corresponding  Dq  -  1613cm-1.  Racah  parameter  B 
oe  obtained  from  the  following  f ennui a c = 3 :  ^ 


UDq-h~ 


furthermore ,  it  is  not  necessary  to  do  any  additional  fitting. 
Sucscituting  the  *Ti (t*8)  oeak  wave  length  44nm  (22727cm-1)  and  D,,  =  1613 
cm-1,  we  cbtain  B  =  665  cm-1. 


Because  the  R  line  field  does  not  appear  in  the  absorption  spectrum 
* 

and  the  fluorescence  spectrum.  there  is  nc  way  to  determine  the  C  value. 
The  C  parameters  and  the  tit  of  the  crystal  field  energy  levels  will  have 
to  oe  determiner  later  with  low  temperature  parameter  measurement. 

H  4 


the  conclusion 


However,  it  is  possible  to  use 
that  for  gallium  garnets,  C  is  generally 
calculations,  we  get  C  is  around  3325cm-1 . 


proposed  in  footnote  [6j 
around  5B.  using  rough 


DISCUSSION 


For  the  sake  of  clarity,  we  have  listed  spectral  parameters  of 
gallium  garnets  in  table  onec1’33  and  the  fluorescence  spectrum  m 
illustration  thrseC3’73 . 


“ABLE  ONE:  Cr3~  DOPED  GARNET  SPECTRAL  PARAMETERS 


YOG 

Y8GG 

YIGG 

GGG 

G8QG 

GIGG 

16300 

16130 

16120 

15070 

15625 

15625 

22730 

22470 

22727 

22270 

21980 

21078 

15100 

14700 

14775 

14740 

14480 

14638 

*,<<!•,)  tnm] 

740 

760 

745  1 

760 

760 

734 

a  [A] 

12.277 

12.476 

12.450 

. 

12.376 

12.567 

12.566 

P,[  cm-i] 

1630 

1613 

1623 

1507 

1563 

1563 

iTcm*1] 

630 

630 

665 

626 

638 

630 

V«B 

2.55 

2.53 

2.43 

2.55 

2.45 

2.45 

Uff.foiD'1] 

3400 

2680 

2706 

2460 

2290 

3000 

t[us] 

340 

145 

56 

160 

120 

125 

Prom  cable  one  we  can  see  that  for  YIGBsCr3'*'  crystals,  Dc,/B  =  243, 
the  least  of  all  lisred  materials.  Therefore,  the  crystal  strengtn  is 
weaker  than  all  the  other  crystals.  According  to  the  criterion  proposed 
in  footnote  [6],  the  YIGGrCr3-  zero  photon  line  spacing  is  about 
cero,  ana  this  is  also  shown  by  the  relatively  short  fluorescence 
auracion . 


ILLUSTRATION  3 


„r 


DOPED  GALLIUM  GARNET  FLUORESCENCE  SPECTRUM  (30010 


X(nm) 

(1).  Intensity  of  fluorescence  (In  arbitrary  units) 

The  crystal  lattice  constant  of  VIGG : Cr3"  is  clearly  greater  than 
that  of  YGG iCr3*,  and  is  close  to  that  of  YSFFsCr3- .  This  is  because  the 
ion  diameter  of  In3-"  and  Sc3-  (0.080  nm  and  0.075  nm>  are  somewhat  larger 
than  the  that  of  Ga3-  (0.062  nm) .  This  is  also  a  direct  factor  leading  to 
the  weakened  crystal  field  strength  of  YIBGrCr3-. 

YIGGiCr3-  crystal  range  ana  half  width  of  fluorescence  are  similar  to 
those  of  GSGG"Cr3-  and  its  Stoke' s  frequency  shift  is  larger.  If  an 

average  phonon  freauency  of  for  YGG :Cr3-  is  used  as  an  estimate, 

the  Huangkun  -  Lisi  (translator's  note:  phonetic)  factor  of  YI3G:Cr3- 
mav  be  as  high  as  7.3,  snowing  that  it  has  a  very  strong  eiectron- 
pnonon  coupling.  The  wide  band  fluorescence  of  YIGGsCr3-  means  it  may  be 
possible  for  this  crystal  to  be  a  continuous  tunable  laser  crystal  in  tne 
700  to  300  nm  band. 
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